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[TITLE OF THE INVENTION] 

INSOLUBLE IRIDIUM OXIDE COATED ELECTRODE 
[ABSTRACT] 

[Object] The object of the present invention is to provide 
an insoluble iridium oxide coated electrode in which a titanium 
substrate is prevented from oxidation by coating a metal iridium 
layer and an iridium oxide layer on the surface of a titanium 
metal layer or a substrate having a titanium metal layer. 

[Composition] The insoluble iridium oxide coated 
electrode is, on the surface of a substrate using a titanium 
metal or a surface of a substrate having a titanium metal layer, 
an iridium layer coated and an iridium oxide layer further coated 
thereon, wherein the iridium layer and the iridium oxide layer 
are alternately coated so as to be the utmost surface of the 
iridium oxide layer, and a thickness of each layer is equal to 
or less than 20 micron meter, and the thickness of all iridium 
oxide layers is 67 to 99% of the whole film thickness and a 
thickness of all iridium metal layers is 1 to 33% of the whole 
film thickness. 

[Effect] An iridium oxide electrode having long life 
compared with a conventional iridium oxide monolayer is provided. 
[WHAT IS CLAIMED IS:] 

[Claim 1] An insoluble iridium oxide coated electrode 
comprising an iridiummetal layer coated on a surf ace of a titanium 
metal substrateor a surfaceof ametal substrate having a titanium 
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metal layer, and a ceramic layer of iridium oxide coated thereon, 
and the iridium layer and the iridium oxide layer are further 
alternately coated thereon, wherein the utmost surface of the 
coated layer is an iridium oxide layer, and a thickness of each 
coating layer is equal to or less than 20 micron meter. 

[Claim 2] The insoluble iridium oxide coated electrode 
according to Claim 1, wherein a thickness of all iridium oxide 
layers is 67 to 99% of the whole film thickness and a thickness 
of all iridiummetal layers is 1 to 33% of the whole film thickness . 
[DETAILED DESCRIPTION OF THE INVENTION] 

[0001] 

[Field of the Invention] 

The present invention relates to an insoluble electrode 
used for electroplating and the like. 
[0002] 
[Prior Art] 

The electroplating for metal materials is generally 
carried out by using an insoluble electrode to precipitate metals 
such as Zn, Sn, Ni, Cr, Cu and the like on a surface of a material 
to be plated which works as a cathode. 

[0003] 

In electroref ining of metals, the insoluble electrode 
is used in a refining bath to precipitate metals such as Mn, 
Zn, Cu and the like. 

[0004 ] 
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As the insoluble electrode, the most generally used 
include Pb or Pb alloys. 
[0005] 

This electrode generates Pb0 2 on its surface in an 
electroplating bath or an electroref ining bath, especially in 
a sulfuric acid solution when electric current is being passed. 

[0006] 

Although the Pb0 2 exerts a function of an insoluble 
electrode, the adhesibility between the generated Pb0 2 and the 
substrate Pb is so weak that the Pb0 2 migrated into electrolyte 
causes deterioration of the plating or a decrease in the purity 
of refined metal by contaminating therein as the insoluble 
matter . 

[0007] 

To solve these problems, an electrode is disclosed in 
Japanese Published Examined Patent Application No . Sho-4 8-3 954, 
in which a iridium oxide of the platinum metal oxide, which being 
electrochemically most stable in an electroplating bath or an 
electroref ining bath, especially in a sulfuric solution thereof, 
is coated on the surface of a valve metal as a substrate (which 
is a metal excellent in corrosion resistance and has high 
breakdown voltage property due to formation of passive state 
film of Ti, Ta, Zr and the like) . 

[0008] 

A method using an insoluble electrode is disclosed in 
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Japanese Published Examined Patent Application No . Sho-46-21884 
and Japanese Published Unexamined Patent Application No. 
Sho- 63-2354 93 in which an iridium oxide added with Ta 2 O s is further 
coated on a substrate as an intermediate layer to suppress 
oxidation of the substrate metal or improve adhesibility 
therewith, and an iridium oxide layer being formed on the 
intermediate layer . 
[0009] 

The iridium oxide insoluble electrode produced by a 
coating-plating method disclosed in those patent literatures 
can sustain a long time use in low electric current density (at 
most 10 OA/ dm 2 ) , however, when being used in high electric current 
density, especially when electric current being passed at 200 
A/ dm 2 in a sulfuric solution, it causes a rapid increase in voltage 
after 3000 to 4000 have hours elapsed, consequently being 
spoiled . 

[0010] 

The reasons of this problem are : in the case of the iridium 
oxide film produced by a coating-plating method, the layer has 
many pores due to forming treatment done in the air, and, when 
being used as an electrode, Joule heat generated after passing 
electric current for a long time increases the temperature of 
the electrode and results in turtleback-pattern crack generation 
due to the difference in thermal expansion between a substrate 
metal and the iridium oxide layer; 
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[0011] 

The pores and cracks permit electric current directly 
passing to the substrate metal, and lead corrosion of the 
substrate metal or an increase in insulating oxide film on the 
substratemetal surface, and then result in an increase in voltage 
to lose the function of the electrode. 

[0012] 

To sustain the electrode function for a long time, uniform 
film without pores and cracks must be produced. 
[0013] 

A reactive sputter technique and a reactive deposition 
technique have been disclosed in Japanese Published Examined 
Patent Application No. Sho-46-21884 or the Journal of 
Photographic Science and Technology of Japan [Vol.51, No.l, p. 3 
(1988)] in which iridium metal is sputtered along with being 
oxidated in the vicinity of a substrate. 

[0014] 

The insoluble electrode having an iridium oxide film 
obtained by those methods, however, causes an increase in vol tage 
in a remarkably short time due to electric current passing at 
a low electrical current density of 100 A/dm 2 in a sulfuric 
solution, consequently being impossible to pass current. 

[0015] 

The reason for this problem is: the iridium oxide film 
produced by the reactive sputtering technique or the reactive 
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deposition technique is easily detached when the layer is thick 
(at least 0.1 pm) ; or it takes a significant amount of time to 
form a thick film in the production process that an optimum layer 
thickness obtainable is restricted to be very thin such as 100 
to 1000A; 

[0016] 

Besides, it is considered that the iridium oxide film 
is so thin that, due to the presence of defect such as a slight 
pin hole and the like, the substrate metal is oxidated through 
the defected part, consequent ly being impossible to pass electric 
current due to an increase in voltage. 

[0017] 

Therefore, an ion-plating method, which can produce a 
high density and uniform film as disclosed in Japanese Patent 
Application No. Hei-4-18395, is employed for coating. 

[0018] 

However, the ion-plating method may have a disadvantage 
that, since the method performs coating under oxygen atmosphere 
in its production process, the titanium metal as a substrate 
is oxidated at its initial production stage forming slight 
titanium oxide which works as an insulating layer, and results 
increase in the overall electrical resistance of the electrode, 
consequently deteriorates the characteristics of an electrode. 

[0019] 

[Problems to be Solved by the Invention] 
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The object of the present invention is to prevent a 
titanium substrate from oxidation to improve the electrode life 
when forming an iridium oxide on the surface of the titanium 
substrate by an ion-plating method. 

[0020] 

[Means for Solving the Problem] 

An insoluble iridium oxide coated electrode including 
an iridium metal layer coated on a surface of a titanium metal 
substrate or a surface of a metal substrate having a titanium 
metal layer, and a ceramic layer of iridium oxide coated thereon, 
and the iridium layer and the iridium oxide layer are further 
alternately coated thereon, wherein the utmost surface of the 
coated layer is the iridium oxide layer and a thickness of each 
coating layer is equal to or less than 20 micron meter. 

[0021] 

And, the insoluble iridium oxide coated electrode, 
wherein a thickness of all iridium oxide layers is 67 to 99% 
of the whole film thickness and a thickness of all iridium metal 
layers is 1 to 33% of the whole film thickness. 

[0022] 

The present invention is, when an iridium oxide being 
coatedby an ion-plating method, characteri zed by coating ametal 
iridium layer on a valve metal as the electrode substrate without 
directly coating an iridium oxide film thereon to prevent 
oxidation thereof . 



- 8 - 



[0023] 

The coating methods such as the conventionally used 
coating-plating method cannot obtain a compact film, and such 
a sputtering method is difficult to obtain a thick film in a 
short time. Therefore, the ion-plating method is employed. 

[0024] 

However, when an iridium oxide is coatedby the ion-plating 
method, since a metal iridium is melted in an oxygen atmosphere 
to form an iridium oxide, the surf ace of the substrate is sometimes 
slightly oxidized. 

[0025] 

This oxidation forms a titanium oxide at the boundary 
between the film and the substrate surface, consequently 
inhibiting electrical current passing. For this problem, the 
invention applies an iridium layer on the substrate surface. 
This prevents the substrate surface from oxidation. 

[0026] 

The reason for applying the metal iridium layer is as 
follows. When the metal iridium is coated just on the titanium 
metal to be an electrode substrate in the ion-plating method, 
the titanium metal is not oxidated due to being coated in vacuum. 

[0027] 

Thereafter, an iridium oxide is coated on the surface 
of the substrate, and the iridium is made possible to be oxidated, 
and if oxidated, there is no problem because it turns to an iridium 
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oxide itself . 

[0028] 

In consideration of specific resistance, in the case of 
titanium as the electrode substrate, the specific resistance 
of titanium is 42 to 41\iQ.'cm, that of titanium oxide formed 
by oxidation of the titanium is equal to or more than 10 13 ^-cm 
which has a problem of increasing the resistance of the whole 
electrode, and that of the metal iridium is 5|an-cm which has 
no problem. 

[0029] 

Therefore, the invention applies a coating of iridium 
on the surface of the titanium substrate in vacuum and coating 
an iridium oxide thereon. 

[0030] 

Consequently, an improved electrode is obtained for which 
the film is not degraded in electrical resistance compared with 
an iridium oxide mono-layer formed by a conventional ion-plating 
method. 

[0031] 

The invention has increased adhesibility between the 
substrate and the film to further improve the life of the electrode 
by using the method described above. 

[0032] 

The reason for this is that the iridium oxide mono-layer 
is so weak in its adhesibility between a substrate and a film 
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that the film can detach during electric current being passed. 
[0033] 

The consideration on relaxing the internal stress in the 
whole film is another characteristic of the invention to increase 
adhesibility between a film of surface and the substrate during 
coating processing. 

[0034] 

It has been found by the inventors of the invention upon 
the research that the iridium oxide generates compressive stress 
and a metal iridium generates tensile stress when the iridium 
oxide film is being formed by the ion-plating method. 

[0035] 

Furthermore, by comparing internal stresses of the whole 
layer of the iridium oxide monolayer, the iridium/iridium oxide 
double layer, the iridium oxide/ir idium/iridium oxide triple 
layer, or the iridium/iridium oxide/iridium/iridium oxide 
quarter layer, it has been found that the greater the number 
of layers, the more the internal stress as a compressive stress 
is relaxed and the more the adhesibility of the substrate is 
improved . 

[0036] 

Therefore, the adhesibility is improved by relaxing the 
internal stress of the whole film with subjecting the internal 
stresses being distributed on the substrate surface in the order 
of t ens i 1 e/compressive/ tens ile/compr ess ive . 
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[0037] 

Therefore, the film employs a coating film formed on the 
titanium substrate surface in the order of iridium layer/iridium 
oxide layer . 

[0038] 

The film is coated by the ion-plating method; a film 
thickness of each layer is equal to or less than 20 /zm; and 
the thickness of each layer is that a thickness of each iridium 
oxide layer is 20 to 99% of the whole film thickness and a thickness 
of each metal iridium layers is 1 to 33% of the whole film 
thickness. 

[0039] 

The reason that the thickness of each coating layer is 
equal to or less than 20 //m, is that the structure of the film 
coated by the ion-plating method becomes a columnar crystal and 
brittle, if the thickness exceeds such value. 

[0040] 

If the iridium oxide layer is less than 20% of the whole 
film thickness, the electrode function causes problems affected 
by the metal iridium layer. 

[0041] 

The reason for this is that acid resistance of iridium 
oxide is superior to that of metal iridium. 
[0042] 

On the other hand, if it is above 99%, the characteristic 
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of iridium effective for the compressive stress in the films 
becomes ineffective, therefor the range of 20 to 99% is necessary. 
[0043] 

As regards the metal iridium layer, if it is less than 
1% of the whole film thickness, the internal stress relaxation 
effect is lost; since iridium is weaker in its acid resistance 
than iridium oxide, if the iridium layer is more than 33%, the 
electrode function is deteriorated. 

[0044] 

In the above description, the advantage to form a two 
layer structure or four layer structure by inserting the iridium 
layer is explained; since the multi-layered layer being equal 
to or more than 6 layers formed by utilizing the explained method 
does not have a columnar crystal structure in each layer, the 
multi layer to be allows the film free from brittleness, the 
internal stress is decreased and the adhesibility being improved; 
consequently, a thick film is easily obtained. 

[0045] 

Regarding manufacturing method, the iridium oxide is 
formed a film in an oxygen atmosphere; the metal iridium layer 
is produced without any change in the production device except 
stopping the supply of oxygen gas, 

[0046] 

The treatment temperature for the titanium metal used 
as the substrate is a temperature that iridium metal does not 
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diffuse, that is, it is suitable to form films at equal to or 
less than 700°C. 

[0047] 

[Action] 

By applying the film of the present invention, when an 
iridium oxide film is coated by an ion-plating method, an 
insulating titanium oxide is not formed on the surface of the 
titanium used as an electrode substrate, thereby the function 
of the electrode is not degraded. 

[0048] 

Furthermore, since the iridium oxide layer exhibits 
compressive stress and the iridium layer exhibits tensile stress, 
the internal stress in the whole film is decreased, allowing 
a highly adhered coating between the substrate and the film, 
thereby the electrode life is increased. 

[0049] 

[Example] 

The present invention is explained in more detail by 
Examples as follows. The evaluation of the insoluble electrode 
was performed by the following method. 

[0050] Evaluation Method 

The insolubility evaluation of an electrode was performed 
by a corrosion test with the manufactured electrode used as an 
anode and a platinum plate used as a cathode at 60°C in 5% by 
weight of sulfuric solution under passing electric current at 
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electric density of 200 A/dm 2 . 
[0051] 

The change was measured from the initial voltage value 
of 20V and the evaluation was performed based on the time of 
passing electric current until the voltage reached to 35V. The 
specific resistance of the film of the electrode manufactured 
was evaluated by a four-terminal measurement method, and the 
adhesibility was evaluated by a scratch tester. 

[0052] Substrate 

Titanium plate of 150 X 10 X 2mm was used as a substrate 
of which the surface was washed with oxalic acid beforehand. 
[0053] Method of Sample Preparation 

The iridium oxide film was coated on the substrate surface 
by the ion-plating method. Details of the coating method are 
explained below. 

[0054] 

[Example 1 (Two-layer structure) ] 

Iridium was inserted in a crucible to melt and vaporize 
by an electron beam, and then ionized by a ionization electrode 
situated just above the crucible under the condition of 50V- 10 
A. 

[0055] 

The titanium substrate was placed opposite the iridium 
to form the iridium coating layer with a bias voltage of 500V 
and a coating rate of lOA/second in vacuum, and then the iridium 
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oxide was coated on the surface under an oxygen atmosphere at 
8 X io" 4 Torr . The coating temperature was set at 500°c. 
[0056] 

[Example 2 (Multi-layer structure) ] 

Iridium was inserted in a crucible to melt and vaporize 
by an electron beam, and then ionized by a ionization electrode 
situated just above the crucible under the condition of 50V- 10 
A. 

[0057] 

The titanium substrate was placed opposite the iridium 
to coat iridium with a bias voltage of 500V and a coating rate 
of lOA/second in vacuum, and then the iridium oxide was coated 
on the surface under an oxygen atmosphere at 8 X 1CT 4 Torr. The 
coating was carried out on the substrate in the order of iridium, 
iridium, oxide, iridium, iridium oxide so as to be the utmost 
surface be of the iridium oxide. The coating temperature was 
set at 500°C. 

[0058] 

[Comparative Example 1 (Monolayer of iridium oxide)] 
Iridium was inserted in a crucible to melt and vaporize 
by an electron beam, and then ionized by a ionization electrode 
situated just above the crucible under the condition of 50V- 10 
A. The titanium substrate was placed opposite the iridium to 
coat an iridium oxide with a bias voltage of 500V at coating 
rate of lOA/second. The oxygen atmosphere was at 8 X icr 4 Torr. 
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And the coating temperature was set at 500°C in this example. 
[0059] Results 

The results of the above tests are exhibited in Table 
1, Table 2 and Table 3 . According to the results, the Comparative 
Examples show large specific resistance due to generation of 
titanium oxide and their adhesibilities between the substrate 
and the film are weak; in contrast, the Examples solve the problem 
of oxidation of the substrate, and, by applying the multilayer 
equal to or more than 4 layers, the adhesibility is improved 
as well as improvement of the electric current passing time. 
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[0063] 

[Effects of the Invention] 

The present invention is an iridium oxide coated 
electrode; when an iridium oxide is coated by an ion-plating 
method, the substrate surface of the invention is not oxidated 
even in the condition that the surface of the titanium substrate 
prepared by conventional arts is oxidated, resulting in 
inhibition of electric current passing and then in degradation 
of its function as an electrode; the coating layer of the 
invention is not detached and can hold up in severe practical 
situations even in the condition that the conventional coated 
layer is detached, resulting in the electrode being spoiled. 
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**fii£&T?B81b£ii-.5£J6ttX/^ * }£RlHx.fe&mm 

[OOI 4] LA^ L* ^<Mj&-nnt>*itz.mt<< ') w 
A&IK^iSi+fc^temfiili. i o o a/ 

d m2©<ga3Ste&js-e<7)jaaic < fe y5n$ra-e«i±-t&ic 

[0 0 15] C<D34<tLTI*. fljfB<BX/\*';/$ y 
£;Rt/3&»& lc«fc iXMfS.t<tlZ>Mit-< >) 
I*, mmt (0. IjumULt) Lfcif^lcSijSiLW 

s±o>as»(Dfcto. f^ia-c^-5ajsfSjfA<i oo~i o 

0 O A <k^«lc»Lxt(DT?fc-5<, 

[oo i 6] *L,-cMit* 'jit^A&mm^t-tb. m 
^wa^^sw^BA^b^ix. msisi^^yiiar- 

[OO 1 7] C©fc4f). !^fliip4— 1 8 3 9 5^#8lCfc 

-5 «fe ^ lci£«SBR -c J^i StlK £ -e # -5 -f ^- > ^ U 
[0 0 18] titz. MitiiSlcfclxr-f^-^^Lx— ^r-r 
r-SW-efc-s^^^aA^b^^. ^-^life^A^ 
sctic.ky. SfiltLrfl)*$l4A^orL^3ctt 

[0 0 19] 

os®ic-r^->^u-^-r ^<?mz* y^b-r y s?->a 
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[O O 2 O] 

Aro&SH. *<»±\zMik'( ')Wi*<Diz^*v<7mtf 
fcfc£S*U cro-f'J v^AH£BHb-f y v^A«<h£3c 
SK&gLTSSiElf £&lb-r 'J v^AS^L. 
Hro»<^A<2 o 5 ? p >W.TX'$>& c t ft 

[002 1] fLT. »lb-< 'J v^AH£<*j!><£l«J?ro 
6 7-99%. -i U AtfcJSH ±f*A<±|£|*ro 1 - 3 
3%7?&S^5StS»-|b-f 'J v^AffliSa«|-CS>S 0 

[0022] *5m\%. -<*^?is-T-<>7m-c'Mit 

^ISlbS-t+fci^i&lcIMb'f y v^A&||g£i£&&SL 

[0 0 2 3] $fcg2j$£<!: LT, 1fc*<0£*T&#tttt-3:T* 

[0024] tc^AW^-^^u-^-o^a-eK^b-i' 

AfM^^Bt-c yi^A^j&^-e-sro-c. stra 

[0025] c<7)z^ic<fcy. jfiflS.tSWO^BicK'lb 

® roBUb £ Bfr <* c t iz o tz „ 
[0026] cro&K-r y v^a@ £isi-j-f=ssi*;*ro 

jtiic^a-r y v-^Ajftst* t 
£S*-e«£-r £>ro-t?TS >^a*<^b^*ii> d t ttJit 

[0 0 2 7] ^LT^<DS*f*ffi-hl=^b'<''jyt7A^ 

mt^tzk LTtSlt-f 'J v-}Alcfc.5roT?F.3jSI;fcfc 

[0 0 2 8] «ta*S#jl-5i:m®*tt-e&-5 i ? 1 
*>>G>1%-£. 7-2 2~4 7 /i Q • cmT?. -^O^ 

$»>*<ig4bLfcit^ro®lb5 l $>l*1 013Q ■ cmJJl± 

-cmn^ttrosin^-tif -s t Pd^sa<«. y . *fc^a 

-f y vH?AI*5 v Q ■ cm-t?fc^a>t?Bgffil*3ti:0^ 
[0029] ^z-c^5">S$ta®icj|^cti-e-f iji;^ 
A^«SL. ^-ro-tl^b-f 'J v^A^feS-r-Sct t 

[0030] Zfl)CtlC £ feySl3|5a»-r^->^'lx— 

yaicfc^^b-r y i*mmm tit&LxULmv&in 

[003 1] ifHOT^ji^fflt^TSIcail,!: LT 

ros^ro iri ± h tz toizstt t &.m<D&mn & iRi-t 



[0032] cross tLTKlb'f y ^AJUifroit^ 

A<*"]@|-r & C £ A< fc £ P, 5 o 
[0 0 3 3] f^f. J$iSB#l::S®ro£|g<>:S»ro®» 

[0034] -f^->^u-^<>^ic«ky^b-r 'Jv 

^s-f y v^Ai*?io3§yjs*^^-rsci: 

[o o 3 5 ] SfciUb-f y y^Afii, -r y >;^a/ 
iHb-r y y^A-iiB. mbf y i?o A/-r y i^A/ 
B§<b«< y y^AHii. -f y v^A/snb-r y vOa/ 
-r y v^A/^b-c y AEa^KroK^i*ro^sujs* 

Ji-T -5 C t o fc o 

[0036] ^-z-e. «*t*s(c, 3io3§y/Efig/3i 
o 3i y /Eieroim#ictB7] £ $ -a-^^ro wsnrs* 

[0 0 3 7] fCtSIiLt. y 

v-5AI/K1b-f y v^Agromic=&^^^js-r-5=i- 

[0038] zLo&m&ji-^y^— ></mz&v 
ffrmzti&tf. #tts@roj^Kron*ii2 o/zmiiiT-c 
fc«. ^gros^iiK-lb-f y^^A&MKS^^KJiro 

2 0~9 9%|CL. *JS-f y vOA#Hi*^KHroi ~ 

3 3%(;f -5= 

[0 0 3 9] ZOm&tLTGr&Wmnmm&ZO {in, 

[0040] K-fb^yiJOAHi*:£igjf:ro2o%5fcm? 
fes<t^s-f y v^A^rof&#$sit«<s««gicp^aA< 

[004 1] 1 Lttittliit-< U v-^Affi 

^A^S-r y -✓■t7AJ: yg^^-c^^-SA^f>•^?^5•5o 
[0042] *t9 9%®-efcs<tKrtaji±<giS*roja 
y y ^^Aro^i4$±*^<fL^e,-efc5roT? 

2o~9 9%ic-r-5ieMiA<&-So 

[0043] ta-f'jv'jAitifei.^ ±igJiroi% 

*»ic-r -5 1 «asj£;&Sg;R]roa»)*A<& < <t y . 4 y i;^ 

Aro*A<^b-f y v^AJ: y itK14A<HLNfcifo|C'r y v 

^ab* 3 3%jaic-rsimfis«tgic3EK^ ^fc-rzi: 

[0044] Ja±ro<fc5lc-f y y-JAg^SALt 21 
4M«Jtlz-r-&filMi^^lffcA^ cro^a^ipjffl 
LT 6 @ WJilc^B^* -t±^> t &m<Dtmt><m&8>lztj; 

S(cS»**<|ni±-r-5ro-Cj»BI'lbA<S^^f7X.^. 
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[0045] M&j5mtem.mnm&*X'Mit4 *) 

S?i8<i S^Mf -5 A<£ LVD -e 5 . 

[0 0 4 6] StttL-Tfii>^8JfflUfllIS 
£<tLTI*-f yi?-7AA<$JS»cftftfeLfc^SJ£. 
7 0 0°CJaT-CJ$l«-f •5<B6<J!i87?fc.&. 

[0 0 4 7] 

[0 0 4 8] *fc^bl''Ji?'7i»^l*EEaifB*^^L. 

-r y ^-7ami*§i oss y 7F-r<D-c°BLm±&<Dto& 

[0 0 4 9] 

[*JSfli] **wcDjaT3iififf!H-<fcypaBizijiBS-r^ 0 

yfrofc. 

[0050] mmysm 
izm&mz&mL, 6o°c. 5w t 
[0051] BE*oasffi2 o vfrt><omt&m 

[0052] &*f 

1 5 O x 1 0 x 2mmfl)T i Stt$ffll\ -€-©$Ii£flil 
[0 0 5 3] IS^^a 

**msi±(^ -< sj->:7u— >y»icj: y&te-f y 

■r. 

[0 0 5 4] 

[JtfMM (-JMMt) ] STiSlc-f y vOA^JfAU 

><bsaiic«ky % 5ov ■ i oAfflftft-e-ft^bJ-H: 
fc. 

[0055] *LT. ^^>S*t^-f 'J V-7At*t[6lL 
TiSBU /<-f 7*«tt5 OO V, tiURSBM OA/s 
e c^Xffi+Ufe^t-f 'J v^A^IL, fLTf©S 
ffi JilcK^^HmT 8 x 1 0~4t o r r "Cttft-f U v?-7 
ASSLfc. ^t5fi£K;gffil*5O0"cicLfc„ 

[0 O 5 6] 

XtB«icj:y. 5ov- ioA©^#i?-ft><b*t 



[0 0 5 7] fLt, ^$>»«-£-r 'J y^t^L 
TfSfiU /W7A1E5 0 0V, J$BB£|£1 OA/s 

#iST8 x 1 0-4T o r r t?&-|b-f 'J V^AtSL, 

fc„ Sttfrk-f y y-7A ■ ^-(b-f y i?*7A ■ -f y 
■ mtj y vOAroiiis-caas^K^b-i' y v-jAi l 
ttsLfc. ^fcfiE^jaai±5 o o°cufc„ 

[O O 5 8] 

i&®m i (iHb-< y v^a#d ] wmizj y v^a 

W.±L(D'(1->itWfflz£l)^ 50V - 1 OA(D&#r-f 

txtstfc. fit, ^^>s*t^-cyi?-7Ai:>!*iRi 

*f?ffliU*8 x i o~4t o r r . ilSt$5 0 0%L 
[0 0 5 9] JS* 

±!5©iaK$s^^m i a. 12$. m3Sic*-r. 
mttfmm £ ti. 4 mu-ho^iiic-r •& c t iz& y 

[0 0 6 O] 
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